Recovery and colony formation by healthy and sublethally heat-injured cells of Zygosaccharomyces rouxii as influenced by the procedure for sterilizing recovery media (YM agar [YMA], wort agar, cornmeal agar, and oatmeal agar) were investigated. Media were supplemented with various concentrations of glucose, sucrose, glycerol, or sorbitol and sterilized by autoclaving (110°C, 15 min) and by repeated treatment with steam (100°C). An increase in sensitivity was observed when heat-injured cells were plated on glucose-supplemented YMA at an aw of 0.880 compared with aws of 0.933 and 0.998. Colonies which developed from unheated and heated cells on YMA at aws of 0.998 and 0.933 generally exceeded 0.5 mm in diameter within 3.5 to 4 days of incubation at 25°C, whereas colonies formed on YMA at an aw of 0.880 typically did not exceed 0.5 mm in diameter until after 5.5 to 6.5 days of incubation. The number of colonies exceeding 0.5 mm in diameter which were formed by heat-injured cells on YMA at an a, of 0.880 was 2 to 3 logs less than the total number of colonies detected, i.e., on YMA at an av of 0.933 and using no limits of exclusion based on colony diameter. A substantial portion of cells which survived heat treatment were sublethally injured as evidenced by increased sensitivity to a suboptimum aw (0.880). In no instance was recovery of Z. rouxii significantly affected by medium sterilization procedure when glucose or sorbitol was used as the a,-suppressing solute. In 7 of 80 pair comparisons (autoclaving versus steaming), significant differences were detected in populations recovered on media supplemented with sucrose and glycerol. In six of these seven pairs, significantly higher populations were detected on steamed versus autoclaved media. Significant differences in recovery of unheated cells were due to solute type in 16 of 80 comparisons; for heated cells, significant differences were noted for 34 comparisons. When differences did occur, the enhanced effect of solute on recovery of unheated and heated cells was typically in the order of glucose 2 sucrose 2 glycerol 2 sorbitol and glucose 2 glycerol 2 sucrose 2 sorbitol.
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Osmophilic yeasts are commonly encountered as organisms responsible for spoilage of concentrated fruit juices, honey, molasses, syrups, soft-centered candies, jams and jellies, confectionery products, and a variety of other highsugar and salted products (2, 16, 19, 22, 27, 29) . Among the most common of the osmophilic spoilage yeasts is Zygosaccharomyces rouxii (= Saccharomyces rouxii), which can tolerate concentrations of up to 22% NaCI, 80% glucose, and 80% sucrose (19) . Some strains can grown in the presence of 0.1% potassium sorbate (22; L. M. Lenovich, Ph.D. thesis, Drexel University, Philadelphia, Pa., 1986).
Traditionally, enumeration procedures used to detect osmophilic yeasts are similar to procedures used to enumerate other yeasts (30) . However, populations of osmophilic yeasts may be substantially underestimated or not detected unless special provisions are made for their recovery. Detection of osmophilic yeasts in high-sugar products can be improved by plating on media formulated to resemble more closely the natural environment of the organism. Several investigations have revealed that increasing the sugar content, and thus reducing the water activity (aJ), of recovery media results in enhanced recovery of osmophilic fungi (11, 14, 18, 24) .
Increasing the sugar content of recovery media can, however, create problems. Nonenzymatic browning resulting from Maillard reactions occurs when organic materials containing reducing sugars and amines (e.g., from amino reactions can lead to the formation of high-molecular-weight nitrogenous polymers such as premelanoidins and melanoidins (10) . The rate of browning as a result of Maillard reactions in foods can double or triple for each 10°C rise in temperature (9) .
Many of the products formed by Maillard reactions disrupt cellular metabolism in microorganisms (1, 7, 15, 26) . Consequently, when media containing high concentrations of sugar are sterilized by using routine autoclaving procedures (121°C, 15 min), a reduction in recovery of osmophilic yeasts may occur due to inhibition by products of Maillard reactions. Heat-stressed cells may be particularly sensitive to the toxic effects of these products.
Early microbiologists sterilized media by a process of intermittent sterilization (Tyndallization) which involved successive boiling treatments over a period of a few days (28) . Similarly, a process in use by some mycologists working with osmophilic and xerophilic fungi involves dissolving medium ingredients in water and then steaming for 30 prepared by combining preformulated dry ingredients, solute, and deionized water and then heating the mixture on a hot plate/stirrer to dissolve all ingredients. Each medium was divided into 500-ml aliquots in 1,000-ml flasks, and the pH was adjusted to 7.0 + 0.2 with 1.0 N NaOH. Oatmeal agar was prepared by combining dry ingredients and supplemental solutes in deionized water and then slowly bringing the mixture to a boil on a hot plate/stirrer. After boiling for about 30 min, the mixture was filtered through cheesecloth and the filtrate was divided into 500-ml aliquots. The pH was adjusted to 7.0 + 0.2 with 1.0 N NaOH.
Two procedures designed to render media "sterile" were evaluated. While neither procedure can be described as a sterilization process in the real sense, the terms sterile and sterilized will be used in the following text to describe media subjected to heat treatment sufficient to render them essentially free of microbial contaminants which might eventually grow and interfere with colony development of Z. rouxii. Each freshly prepared molten medium (500 ml) was sterilized by autoclaving at 110°C for 15 min. Likewise, 500-ml portions of each medium were sterilized in an autoclave under free-flowing steam at 100 to 102°C (hereafter referred to as steaming) for 45 min for the first treatment, 60 min for the second treatment, and 75 min for the final treatment. Media were allowed to solidify and stand at room temperature for 24 h between each steam treatment. Media containing sucrose had a stronger gel strength than media containing the other solutes and required a final steam treatment of 100 min to melt the agar. After sterilization, the pH of autoclaved and steamed media was readjusted to 7.0 0.2 with sterile 1.0 N NaOH. All sterile media were poured into 90-mm-diameter petri dishes and allowed to (Fig. 1) . The rates of thermal inactivation for strains ATCC 2623, NRRL Y-2547, and NRRL Y-2548 at 47°C were similar. The viable populations of strains ATCC 2623, NRRL Y-2547, and NRRL Y-2548 were reduced by 2 to 2.5 logs when held for 24 min at 47°C. Strain UGA 36 was the most heat-resistant strain investigated. No reduction in the viable population of strain UGA 36 occurred until after 6 min of heating at 48°C, and only about a 1-log decrease was observed after 24 min. Strain NRRL Y-12691 was rapidly inactivated during the first 6 min of heating at 48°C (about 3.5 logs); however, subsequent heating for up to 18 min was considerably less effective in further reducing the viable population.
It is difficult to compare the relative heat sensitivity of strains examined in this study with that reported by others 
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3. (20, 21) . Pitt and Hocking (21) reported that several xerophilic molds grew better on media containing a glucose- a Values in columns within the same strain, basal medium, and culture treatment which are marked by an asterisk are significantly higher (P < 0.05). Values in the same row which are not followed by the same letter are significantly different (P -0.05).
b -, Colonies were too small and/or too numerous to count. fructose mixture than on media containing sucrose. Similarly, Homer and Anagnostopoulos (13) reported that glycerol was less inhibitory to yeasts than sucrose.
While variable growth responses to solutes are common, the mechanism involved in solute tolerance has not been fully elucidated. Brown (3) suggested that there was no correlation between the inhibitory activity of sugars and their molecular weights but proposed that stereochemical factors play a major role in solute tolerance. Also, the influence of various organic substances on compatible solute production and accumulation should be considered. Compatible solutes, particularly glycerol and arabitol, afford protection of osmophilic yeasts against the inhibitory effects of low a, by serving as osmoregulators (3, 4) . Moran and Witter (17) reported that D-arabitol production by Saccharomyces rouxii was favored by high concentrations of glucose but not by sucrose, which suggests that certain solutes may act as enzyme inhibitors.
In some instances, data were not obtained when heatinjured cells were plated on sorbitol-supplemented media because populations on plates on which 0.1 ml of the undiluted suspension was applied were too numerous to count but no colonies were detected at the next highest 10-fold dilution. The phenomenon causing our inability to count colonies on media supplemented with sorbitol remains puzzling. Since the heated cells were already sublethally stressed, it is possible that an additional stress imposed by osmotic shock sustained from exposure to high a, in the potassium phosphate buffer diluent was sufficient to cause an increase in sensitivity to sorbitol in recovery media. In contrast to these results, Graumlich and Stevenson (8) reported enhanced recovery of thermally injured S. cerevisiae cells after prolonged storage in water prior to plating on recovery media. However, since S. cerevisiae is not an osmophilic yeast, susceptibility to osmotic shock at high a, may not have been as great compared with that of Z. rouxii.
Several reports have indicated that when foods with low a, are examined, the a, of the diluent should also be reduced to avoid osmotic shock of osmophilic yeasts (6, 22, 24, 25) .
The varying inhibitory activity of glucose, sucrose, glycerol, and sorbitol observed in this investigation can be further assessed by comparing the maximum colony diameters reached by Z. rouxii on media containing these solutes (Table 3) . Recovery of unheated and heated cells was favored on media containing glucose. All strains produced colonies with approximately the same maximum diameter on a particular medium, regardless of the heat treatment applied to cultures or procedure used to sterilize media. However, the number of colonies reaching the maximum diameter which developed from heated cells was substantially less than those formed from unheated cells. The maximum diameter of colonies on YMA and cornmeal agar was observed to be in the order of glucose > glycerol > sorbitol > sucrose, while the maximum diameter for growth on wort agar and oatmeal agar was determined to be in the order of glucose > glycerol > sucrose > sorbitol. In summary, time-consuming and tedious steaming processes used to sterilize media at a^, values as low as 0.880 can be replaced by autoclaving at 110°C for 15 min without adversely affecting the total number of colonies formed by unheated and heat-injured Z. rouxii. We recommend that glucose be the solute used to reduce the aws of media used to enumerate Z. rouxii, since it is less inhibitory than glycerol, sucrose, and sorbitol. Finally, consideration should be given to reducing the aws of diluent as well as recovery media to enumerate Z. rouxii, especially when metabolically or structurally injured cells may be present in the food being analyzed.
